To study the functional components of the olfactory system in C. elegans, Bargmann's group has undertaken genetic screens to identify and isolate mutants with abnormal chemosensory responses. They identified a number of mutants affecting different genes important for odorant responses. Most mutants isolated based on defective chemoattraction to one odorant were found to have abnormal responses to many odorants. However, one mutant, odr-10, had normal behavioral responses to all odorants tested except diacetyl, the odorant used to isolate the mutant. The gene encoding ODR-10 has now been identified and encodes a seven transmembrane domain receptor. The olfactory defect is clearly due to the loss of this receptor, because odrlated Odorants, 2-Butanone and 2,3-Pentanedione 10 mutants have lesions in this gene and expression of the cloned odr-10 receptor gene in the mutant restores express one specific receptor for each odorant they can the ability to perceive diacetyl. ODR-10 is a member of detect, or are there both high and low affinity receptors? a new C. elegans branch of G protein-coupled receptors
There are an estimated 200 orphan seven transmemcomposed of at least 15 members. These receptors are brane domain receptor genes in the worm, some of distantly related to members of a candidate chemorewhich are likely to mediate chemoresponses (Troemel et ceptor receptor gene family recently identified in C. eleal., 1995) . The number of odorants worms can perceive gans (Troemel et al., 1995) and to members of the vertemight be close to this number, so a small set of very brate odorant receptor family. specific receptors might be sufficient for olfactory funcCharacterization of odr-10 Mutants tion in the worm. Using a single receptor to mediate odr-10 mutants are specifically defective in chemoatresponses of a class of odorants (like the attractive alcotraction to low concentrations of diacetyl. Chemoattrachols) could further reduce the number of receptors retion to pyrazine is normal in odr-10 mutants, indicating quired by the animal. odr-10 mutants still respond to that the AWA neuron is still capable of mediating odorant high concentrations of diacetyl indicating other recepresponses. To determine which cells express ODR-10, tors with lower affinity for diacetyl are present on other the coding region of the green fluorescent protein (GFP) sensory neurons. It will be interesting to determine was spliced in frame to the C-terminus of the odr-10 whether these low affinity receptors are chemically spegene. This construct was expressed with the odr-10 cific for diacetyl or whether these receptors normally promoter in transgenic worms, and the location of the mediate responses to other odorants. GFP was determined. GFP was expressed almost exclu-C. elegans Verses Vertebrate Receptors sively in the AWA neurons and was localized to the There are an estimated 1000 receptor genes in a typical dendritic cilia where odors interact with the olfactory vertebrate, approximately an order of magnitude less neurons. Furthermore, this fusion protein could partially than the number of odorants that can be distinguished restore diacetyl sensitivity to odr-10 mutants, sug-(in humans). Assuming there are no large undiscovered gesting the site of action is the cilia. Therefore, the families of related receptors genes, this suggests that evidence is compelling that ODR-10 is a seven transspecific odorants probably activate several different remembrane domain odorant receptor that specifically ceptors in vertebrates and that the unique pattern of mediates chemoattraction to low concentrations of diactivity generated by each odorant is interpreted by the acetyl, possibly by directly interacting with the odorant brain as odor (Ressler et al., 1994; Vassar et al., 1994) . diacetyl.
If odorant receptors are chemically specific, this organiChemical Specificity of ODR-10 zation would minimize the overlap of glomerular activaBargmann's group has examined the range of chemical tion between odorants. At physiologic odorant concenstructures that can activate ODR-10. This was achieved trations, ODR-10 specifically mediates responses to by comparing olfactory behavioral responses of wilddiacetyl but not closely related chemicals. Are vertetype and mutant worms to odorants with chemical strucbrate receptors as selective? tures related to diacetyl (Figure 2 ). 2,3-pentanedione Dissociated olfactory neurons from salamanders reis detected by the AWA neurons 10-to 100-fold less spond to odorants (Firestein et al., 1990) . Remarkably, efficiently than diacetyl in wild-type worms, and 2-butaa mixture of three odorants will activate over half of none is not detected by AWA at all (Bargmann et al., these neurons (Firestein et al., 1990) , and 25% respond 1993). Clearly, 2-butanone is not able to activate ODRto a single odorant, cineole (Firestein et al., 1993) . If a 10, but what about 2,3-pentanedione? When AWA funcsingle olfactory receptor is expressed in each neuron, tion in odr-10 mutants was compared with wild-type a single receptor must be activated by a broad range worms, there was no difference in the ability to detect of odorant molecules. Similarly, expression of the rat 2,3-pentanedione. This demonstrates that an additional odorant receptor OR5 in Sf9 cells results in production receptor mediates a 2,3-pentanedione response in the of IP 3 in response to many different odorants (Raming absence of ODR-10. Therefore, the ODR-10 is either et al., 1993). Does this difference in responsiveness rehighly chemically selective and is activated by diacetyl flect a fundamental difference in odorant receptor specibut not structurally related molecules, or it is redundant with a second 2,3-pentanedione receptor. Do worms ficity between vertebrate and invertebrate organisms? Buck, L., and Axel, R. (1991 11, 190-194. tions of specific chemicals, yet be activated by different Raming, K., Krieger, J., Strotmann, J., Boekhoff, I., Kubick, S., Baumchemicals presented at high concetrations. Worms restark, C., and Breer, H. (1993) . Nature 361, 353-356. spond to odorant concentrations estimated to be in the Ressler, K.J., Sullivan, S., and Buck, L.B. (1994) . Cell 79, 1245 Cell 79, -1256 nanomolar range (Bargmann et al., 1993) . However, in Sengupta, P., Chou, J.H., and Bargmann, C.I. (1996) . Cell presented at high concentrations. It would be interesting Dev. 5, [516] [517] [518] [519] [520] [521] [522] [523] to determine whether ODR-10 is as selective in a cell 
Future Questions
Vassar, R., Chao, S.K., Sitcheran, R., Nunez, J.M., Vosshall, L.B.,
Can worms distinguish between odorants that are per- and Axel, R. (1994) . Cell 79, [981] [982] [983] [984] [985] [986] [987] [988] [989] [990] [991] ceived through the same neuron? Perhaps any odorant that activates AWA or AWC smells the same to the worm, and chemoattraction results simply from the activation of those neurons. Alternatively, the worm may distinguish between odorants detected by the same cell by activating different ion conductances (hyperpolarizing versus depolarizing) or by having different odors elicit different firing patterns in that neuron. Determining the odor-induced electrical responses of these neurons by patch-clamp techniques would shed light on this issue. While patch-clamping specific neurons is technically difficult in C. elegans, the availability of worms expressing the GFP specifically in AWA cells (Sengupta et al., 1996) should facilitate this approach. The availability of an odorant receptor with a defined chemical specificity makes several interesting experiments possible. The binding affinity of ODR-10 for diacetyl and other ligands could be determined by expressing these receptors in culture. It would be interesting to determine whether ODR-10 can function in heterologous systems. For example, would transgenic expression of ODR-10 in mouse olfactory neurons generate mice with acute sensitivity to diacetyl? Expressing ODR-10 in other chemosensory neurons in C. elegans might make those cells sensitive to diacetyl. This may alter chemosensory behavior to diacetyl in ways that might provide insight into the function of those neurons (and may be less disrupting than laser ablation). If vertebrate odorant receptors could be functionally expressed in C. elegans, olfactory behavioral assays might provide a strategy to determine the odorant sensitivity of specific vertebrate receptors. Answers to these questions will provide further insight into the specificity and universality of olfactory signaling mechanisms and the nature of Lucretius's pore.
